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The purpose of the study was to examine the interrelation between vascular endothelial function and inflammatory factors
with renal function in patients diagnosed with diabetic nephropathy. A total of 120 patients with diabetic nephropathy were enrolled
in this study. The patients were categorized based on the stage of diabetic nephropathy: Group I — normoalbuminuria (n=30),
Group II — microalbuminuria (n=30), Group III — macroalbuminuria (n=30), Group IV — patients with clinical nephropathy (n=30).
The levels of creatinine, endothelin-1, nitric oxide, interleukin-6, interleukin-10, tumor necrosis factor-alpha in the blood and
glomerular filtration rate were determined. There was a correlation between glomerular filtration rate and blood endothelin-1
(r=0.517 (p<0.01) in Group I, =-0.74 (p<0.01) in Group III, r=-0.566 (p<0.01) in Group IV); and with tumor necrosis factor-alpha:
in Group 1 (r=0.589 (p<0.01), in Group II (r=0.5451 (p<0.05), in Group III (r=-0.531 (p<0.01) and in Group IV (r=-0.64 (p<0.01).
Our findings suggest significant associations between endothelial biomarkers, inflammatory factors, and renal function at various
stages of diabetic nephropathy.
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KOPEJIAIIA ®YHKIII CYIMHHOT'O EHJIOTEJIIO 1 PAKTOPIB 3AITAJIEHHA
3 ®YHKHI€IO HUPOK Y XBOPUX 3 JIABETUYHOI HE®POIIATIEIO

Meroro nocinimKeHHs: 0y10 BUBYUTH B3a€MO3B'SI30K MK (YHKII€I0 €HIOTENiI0 CYyAUH Ta (akTopaMH 3amalieHHs 3
HUPKOBOIO (YHKIII€I0 y MAli€HTIB 3 AiarHo30M giabeTnyHa Hedponaris. 3arainom y IOCiiKeHHI B3sutd ydacTh 120 namieHTiB
3 miabeTnuHOIO Hedpomariero. 3anexHo Bix cranii niabetnynoi HedpomaTii manieHTn Oynu po3aineHi Ha 4 rpynu: | rpyma —
HOopMoansOyMinypist (n=30), Il rpyna — mikpoansoyminypis (n=30), III rpyna — makpoansoyminypis (n=30) ta IV rpyma —
HamieHTH 3 KiiHikoro Hedpomarii (n = 30). BusHauanyu piBeHb KpeaTHHIHY, eHIOTENiHy-1, OKcuay a3oTy, iHTepleHKiHy-0,
inTepieiikiny-10, dakropy Hekpo3dy myxiuHH-anbda B KpoBi Ta MBHAKICTE KiIy6odkoBoi ¢inbrpamii. BcranoBieHo
KOpEJSILIHHNI 3B’30K MK HIBHIKICTIO KiIyOoukoBol dinmbrpanii Ta enpgoreninom-1 (r=0,517 (p<0,01) y I rpymi, r=-0,74
(p<0,01) y III rpyni r=-0,566 (p<0 ,01) y IV rpymi) ta pakropom Hekpo3y myxiauHu-aibda: y [ rpyni (r=0,589 (p<0,01), y II
rpymi (r=0,5451 (p<0,05), y I rpymni ( r=-0,531 (p<0,01), y IV rpymi (r=-0,64 (p<0,01). Hami pe3ynpTaTé cBif4aTh npo
JOCTOBIpHUIL 3B'SI30K MK eHIOTeNialbHUMHU GioMapkepaMu, GakTopaMu 3anajneHHs Ta QYHKLIEI0 HUPOK Ha PI3HUX CTamisIx
niabetnyHol HepomaTii.

Kurouosi cioBa: niabetndna HedpomaTis, MBUIKICTh KITyO0UKoBOi (inmbTpawii, iHTEpNIeHKiH, eHaoTemin-1, dhakrop
HEKpO3y MyXJIHHH-aJIbba.

Diabetes mellitus (DM) is at the forefront of the etiological causes of CKD [11]. Currently, the
spread of DM in the world has taken on the character of a non-communicable epidemic. According to the
World Health Organization (WHO), the number of patients with type 2 DM by 2025 may reach 380 million
[12]. The pathogenesis of type 2 diabetes mellitus is multifaceted and is a major concern among diabetic
patients. Inflammatory responses play a pivotal role in the development and progression of diabetic
nephropathy. Tumor necrosis factor-alpha (TNF-alpha), interleukin-10 (IL-10) and interleukin-6 (IL-6)
have a crucial role in inducing inflammatory responses within the systemic inflammatory processes,
thereby modulating the patient's immune and inflammatory systems [2, 5, 10].

In the presence of proteinuria in patients with diabetic nephropathy (DN), the number of glomerular
and tubulointerstitial capillaries in patients with diabetic nephropathy is lower than in a normal organism.
The reduction in the number of capillaries is mainly associated with apoptosis and clearance of endothelial
vascular cells [1, 8]. Early detection of endothelial dysfunction (ED) is crucial to halt the progression of
DN [6, 9]. In addition, patients with stage I-1I chronic kidney disease have a low level of adherence, which
may be an additional risk factor for renal failure progression [7]. An approach to assess endothelial function
involves studying factors that induce damage to the endothelium, and their plasma levels are correlated
with ED. Thus, examining the associations between vascular endothelial function, inflammatory factors,
and renal function in individuals with diabetic nephropathy could yield valuable clinical insights, offering
a novel reference point for the diagnosis and management of patients aftlicted by this condition.

The purpose of the study was to examine the interrelation between vascular endothelial function
and inflammatory factors with renal function in patients diagnosed with diabetic nephropathy.
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Materials and methods. A total of 120 patients with diabetic nephropathy (DN), aged between 25
and 65 years (mean age 49.9+0.81 years), who were receiving inpatient treatment, were enrolled in this
study. Among them, there were 60 female patients (50 %) and 60 male patients (50 %). The examination
and treatment of the patients were carried out at the Department of Internal Medicine I, Azerbaijan Medical
University (AMU), and the Nephrology and Endocrinology Departments of the Educational-Therapeutic
Clinic at AMU. Exclusion criteria comprised patients older than 65 years, those with type 1 diabetes,
oncological diseases, chronic lung diseases, history of myocardial infarction, neurological disorders, and
uncontrolled arterial hypertension. The patients were categorized into four groups based on the stage of
DN: Group I — normoalbuminuria (n=30), Group II — microalbuminuria (n=30), Group III —
macroalbuminuria (n=30), and Group IV — patients with clinical nephropathy (n=30). All patients included
in the study underwent comprehensive clinical and laboratory investigations. General and biochemical
blood analyses were conducted, measuring levels of creatinine, urea, uric acid, cystatin C, and lipid profile.
Additionally, endothelial function markers such as endothelin-1 (En—1), nitric oxide (NO), and interleukin-
6 (IL-6), interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNF-alpha) were determined in the
blood. Glomerular filtration rate (GFR) was estimated using the CKD-EPI formula based on the
determination of creatinine levels. Based on the goal and objectives, the results were processed by statistical
methods. To characterize groups of homogeneous units, the arithmetic mean (M), standard error (m) and
range of change were determined. To study the qualitative indicators, the absolute number of groups and
their percentage were determined. To compare quantitative indicators, the nonparametric Mann-Whitney
test was used, which evaluates the difference between the indicators. At the same time, the statistical
difference p<0.05 was assessed as significant.For a statistical study of the cause-and-effect relationship, a
non-parametric method was used - the Spearman rank correlation coefficient. This method determines the
measure of linear relationship between random variables. When using rank correlation, if the correlation
coefficient between the indicators is 0.3 or less, then the correlation is considered weak, if 0.4-0.7 is
medium, 0.7 and above is high.

Results of the study and their discussion. In the course of the conducted research on diabetic
nephropathy, the relationship between renal functional state and endothelial function was investigated. As
diabetic nephropathy progressed and the GFR declined, the concentration of endothelin-1 (En—1) in the
blood significantly increased. The
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Fig. 1. The correlation between GFR and the levels of endothelin-1 (En-1) and (p<0.01) in the first group, r=0.27
NO at different stages of diabetic nephropathy. (p>0.05) in the second group, r=-0.74

Note: * — correlation is significant at the 0.05 level; ** — correlation is significant  (p<<0.01), =-0.566 (p<0.01) in the
at the 0.01 level. fourth group, respectively (Fig. 1).

The study also revealed an inverse correlation between the concentration of another endothelial
biomarker — nitric oxide (NO) in the blood, and GFR in the early stages of DN, while a positive correlation
was observed at the 3rd and 4th stages. As GFR decreased, endothelial damage and its proliferative activity
increased. In these groups, an inverse correlation was found between tumor necrosis factor-alpha (TNF—
alpha), which is considered an inflammatory marker of endothelial function, and GFR (Fig. 2).

Specifically, this relationship was observed as follows: in Group 1, the correlation coefficient was
r=0.589 (p<0.01), in Group 2, it was r=0.5451 (p<0.05), in Group 3, it was r=-0.531 (p<0.01), and in Group
4, it was r=-0.64 (p<0.01).

The correlation between flow-mediated dilation (FMD) and inflammatory markers was also
investigated in the groups. In all groups, an inverse correlation was observed between tumor necrosis
factor-alpha (TNF-alpha) and FMD. The correlation coefficients were as follows: r=-0.751, p<0.01 in
Group [; r=-0.684, p<0.01 in Group II; r=-0.635, p<0.01 in Group III; and r=-0.668, p<0.01 in Group IV.
Changes in interleukin-6 (IL—6) and interleukin-10 (IL—10), which are inflammation markers, showed
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different patterns. Although an inverse relationship between IL-10 and FMD was observed, it was not

statistically significant. Additionally, an inverse correlation between IL—6 and FMD was detected. While

it did not reach statistical significance in the 1st and 2nd stages of diabetic nephropathy, a statistically

significant correlation was found in the 3rd and 4th groups (r=-0.592 in Group III, p<0.01, and r=-0.547 in
Group 1V, p<0.01).
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Fig. 2. The correlation between GFR and the marker of tumor necrosis factor—alpha
(TNF-alpha) at different stages of diabetic nephropathy.

Note: * — correlation is significant at the 0.05 level; ** — correlation is significant at the the presence of proteinuria
0.01 level. [8]. The global percentage of

the prevalent end-stage renal disease patients with diabetes increased worldwide [4]. This condition is a
leading cause of chronic renal failure, and its pathogenesis is heavily influenced by the hyperactive
inflammatory system [6, 15].

In various sources we found out, that despite all novel findings, there are not significant data about
real markers for early diagnosis of DN. So, Mizdrak M, et al, in their review aimed to provide
comprehensive insight into diagnostic methods available for early detection of chronic kidney disease
(CKD). The authors discussed the following markers: omics, microbiota indicators, microRNA etc. and
found that none of these biomarkers have met the criteria of an ideal early marker [11].

In our study the correlation between endothelial biomarkers, inflammatory factors, and renal
function were revealed. Chavarria-Buenrostro LE, et al, conducted a case-control study on 128 patients
with DN and 150 control subjects from western Mexico. All patients were tested for IL—10 polymorphisms.
According to their results, there were no correlations between IL—10 haplotypes and clinical parameters in
patients with DN. But the authors noted that some IL—10 haplotypes have a higher risk factor to develop
DN [3].

Additionally, Sanchez-Alamo B, et al, emphasized that IL—6 is independently associated with an
increased risk for progression of diabetic kidney disease. They conducted Multivariate Cox regression
analysis, which showed that baseline IL—6 levels >4.84 pg/mL (HR 4.10, 95 % CI 1.36-12.31) were a risk
factor for reaching the primary endpoint adjusted for GFR and proteinuria. [13]. These results are partially
similar with ours: correlation between IL-6 and FMD, which did not reach statistical significance in the
1st and 2nd stages of diabetic nephropathy, but had a statistically significant correlation in the groups with
severe renal dysfunction.

We found out an inverse correlation between tumor necrosis factor-alpha and glomerular filtration
rate. EI-Edel RH, et al, studied the role of tumor necrosis factor alpha in type 2 diabetic nephropathy and
revealed that serum level of TNF—a in DM-CKD was significantly higher than controls and DM (P<0.001).
Moreover, there was a significant positive correlation between serum levels of TNF—a and fasting blood
glucose, creatinine, total cholesterol, low-density lipoprotein-cholesterol, glycated hemoglobin, and
microalbumin/creatinine ratio among DM-CKD group (r=0.042, <0.001, <0.001, <0.001, 0.027, and 0.043,
respectively). Thus, serum TNF-a was significantly increased in patients with DM and DM-CKD but was
higher in patients with DM-CKD, which designates that TNF—a can participate in progression of DM to
DN and might play an important role in mediating DN [5].

Type 2 diabetes mellitus often accompanies metabolic imbalances in adipocytes, resulting in
elevated levels of inflammatory factors and consequent inflammatory responses [13, 14]. Agayev M, et al,
studying the relationship between the level of blood lipids and the endothelial function in patients with
different stages of chronic kidney disease revealed, that endothelial disorders were more pronounced in
patients with high cholesterol, LDL-C and serum triglycerides and they were lower in patients with high
HDL-C. Increasing severity of chronic kidney disease was accompanied by more pronounced impairment
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of the endothelial dysfunction which may be due to the lipid metabolism disorder. But in our study we did
not determine the association between lipid metabolism and renal function, it will be the goal of our further
works.

Sato Y, et al, studying the role of immune cells and inflammation in acute kidney injury to chronic
kidney disease progression, noted that age-dependent structural and functional impairment of kidneys,
more precise understanding of chronic inflammation driven by inflammaging and immunosenescence will
eventually resolve many of the issues in this field and facilitate the development of therapies [14]. The
combination of diabetes and renal injury further exacerbates the ongoing inflammatory system
response [3].

7% o ZZZ/7///2zA2p"A

These findings suggest significant associations between endothelial biomarkers, inflammatory
factors, and renal function at various stages of diabetic nephropathy, shedding light on potential
mechanisms underlying the disease progression. Further investigations are warranted to explore these
relationships in greater depth and may open new avenues for the development of targeted therapeutic
interventions.
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